INTRODUCTION {#sec1-1}
============

Hydrogen sulfide (H~2~S), methyl mercaptan (CH~3~SH), and dimethyl sulfide are volatile sulfur compounds (VSCs) known to cause halitosis.\[[@ref1][@ref2]\] In mouth, VSCs are produced by the metabolism of bacteria in the tongue coating and bacteria associated with periodontitis.\[[@ref3]\] Various foods, particularly, vegetables, contain large amounts of sulfates that are converted into VSCs after cooking or biological modification.\[[@ref4]\] Trace amounts of H~2~S *in vivo* reportedly modify anti-inflammation, radical scavengers, signal transduction, proteins, ion channel regulation, and transition metal complexes, and are essential in maintaining homeostasis.\[[@ref4]\] Approximately, 90% of VSCs produced in the mouth consist of H~2~S and CH~3~SH\[[@ref1][@ref5]\] and, in addition to halitosis, can cause discoloration of crown restorations, prostheses, and dentures.\[[@ref6]\] They can also increase the epithelial permeability and bacterial toxins in the soft gingival tissue,\[[@ref7][@ref8]\] enhance the production of collagenase and prostaglandin,\[[@ref9]\] and induce apoptosis in gingival connective tissue,\[[@ref4][@ref10]\] and are involved in the pathological modification and progression of periodontitis.\[[@ref4]\] Hard tissue in the form of enamel functions inside the mouth in an exposed state, and thus is affected by direct exposure to VSCs. This in turn triggers the deterioration and loss of dentin, which is believed to be involved in the onset and modification of tooth wear. However, the role of VSCs in enamel changes and tooth wear remains unclear due to a lack of published literature. When tooth wear causes wedge-shaped defects and removal of crown restorations, the dentist may choose to perform a restorative procedure using adhesive composite resins. However, the enamel surface where the crown will be attached is exposed and therefore vulnerable to the effects of VSCs, which may affect how well the composite resin bonds to the enamel.

We investigated whether VSCs in the oral cavity in the form of H~2~S are involved in tooth wear by observing its effect on enamel using an electron microscope (transmission electron microscope \[TEM\] and scanning electron microscopy \[SEM\]). We also conducted a shear test to determine whether the effect of H~2~S on the enamel surface translated to an effect on the adhesive properties of composite resin restorations.

MATERIALS AND METHODS {#sec1-2}
=====================

Changes in enamel crystals {#sec2-1}
--------------------------

Extracted human teeth were sectioned at the cervical portion, and the crown portion was sealed with wax before coating half of these sections with nail polish. Samples were then prepared from these sections using the uncoated portion as the experimental side and the coated portion as the control side. Next, a saturated H~2~S solution was prepared by bubbling H~2~S in 50 ml physiological saline for 30 min. Samples were immersed in saturated H~2~S solution in a sealed container, which was placed in an incubator for 14 days at 37°C before observation under a TEM.

Effect on enamel surfaces {#sec2-2}
-------------------------

The H~2~S source was prepared by dissolving 50 g sodium hydrosulfide hydrate (Sigma-Aldrich, St. Louis, MO, USA) in distilled pure water (Invitrogen Corporation, Carlsbad, CA, USA) up to a volume of 100 ml. The H~2~S gas released from the aqueous solution of sodium hydrosulfide inside the sealed container was collected and dissolved in distilled water for the application to tooth samples.

Extracted tooth samples were divided into the experimental side and the control side. Experimental side samples were placed in individual Petri dishes with the aqueous solution of sodium hydrosulfide from inside the sealed container, and the control side samples were placed in individual Petri dishes with sterilized distilled water. The aqueous solution of saturated hydrosulfide was replaced, and distilled water was added every 2 days, and samples were stored in a sealed container for 1 week. Enamel surfaces were then observed by SEM.

Effects on enamel in dental bonding {#sec2-3}
-----------------------------------

Twenty bovine tooth root samples were sectioned, the pulp was removed, and the cervical portion was sealed with glass ionomer cement. Teeth were then placed in a mold and embedded in self-curing resin before exposing the enamel using \#100 waterproof sandpaper and polishing from the cervical side to the crown side using \#600 waterproof sandpaper. These teeth were used as samples.

Teeth were then divided evenly into 10 H~2~S experimental group samples and 10 control samples. Experimental group samples were immersed in distilled water and placed in individual Petri dishes with an aqueous solution of sodium hydrosulfide from inside the sealed container, and the control group samples were immersed in distilled water and placed in individual Petri dishes with sterilized distilled water. The aqueous solution of saturated hydrosulfide was replaced, and distilled water was added every 2 days, and samples were stored for 1 week. After 1 week, the polished surface of the tooth samples was treated with self-etching bonding system (CLEARFIL SE BOND, Kuraray Noritake Dental, Tokyo, Japan), packed with resin composite (Clearfil AP-X A3, Kuraray Noritake Dental), and immersed in water for 24 h before undergoing a shear test with a cross-head speed of 1.0 mm/min (Model 444, Instron, Darmstadt, Germany).

RESULTS {#sec1-3}
=======

TEM observation revealed distinctly hexagonal pillar-shaped hydroxyapatite crystals on the control side, but the crystals on the experimental H~2~S side were reduced in size, and their structure was not be clearly defined \[[Figure 1](#F1){ref-type="fig"}\]. SEM observation at low magnification indicated the greater surface coarseness on the H~2~S side than on the control side. Observation of the control side at high magnification revealed concavo-convex patterns believed to be the ends of small enamel pillars. On the H~2~S side, however, the surface structure had collapsed, and the reticular pattern had changed \[[Figure 2](#F2){ref-type="fig"}\]. Bond strength between enamel and composite resin bonding applied with a self-etching system was 14.4 ± 5.3 MPa in the experimental group samples (*n* = 10) and 13.1 ± 5.2 MPa in the H~2~S side samples (*n* = 10), but *t*-test did not reveal any significant differences \[[Table 1](#T1){ref-type="table"}\].

![(a) Control side transmission electron microscope, (b) Experimental side transmission electron microscope, distinct hexagonal crystal structure can be seen on the control side (a), but crystals are diminished and crystal structure cannot be clearly seen on the experimental side (b)](JCD-18-427-g001){#F1}

![(a and b) Control side scanning electron microscopy;^©^ and (d) Experimental side scanning electron microscopy on control side, the surface is generally consistent (a) and recesses believed to be the ends of small enamel pillars (b) can be seen. On experimental side, the surface appears coarse (c) and exhibits reticular changes (d)](JCD-18-427-g002){#F2}
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Mean values of bond strength of enamel to composite resin in H~2~S and control groups

![](JCD-18-427-g003)

DISCUSSION {#sec1-4}
==========

H~2~S occurs in trace amounts in living organisms and is believed to be involved in gene expression via intracellular signal transduction and enzyme activation to maintain homeostasis.\[[@ref4]\] However, H~2~S occurring inside the mouth\[[@ref1][@ref5][@ref11]\] can cause localized halitosis,\[[@ref11][@ref12]\] periodontal tissue disorders,\[[@ref4]\] and discoloration and corrosion of metal restorations.\[[@ref6]\]

In the present study, we placed tooth samples exposed to H~2~S in distilled water and observed its effect on enamel surfaces using TEM and SEM. At least 96% of mature enamel consists of inorganic components. The major component is hydroxyapatite crystals with a hexagonal pillar configuration having a width of 40-50 nm, thickness of 25-60 nm, and height of 120-160 nm.\[[@ref4][@ref13]\] In our study, the tooth samples exposed to H~2~S had a smaller, obscured crystal configuration when compared with control samples. The findings also showed what appeared to be disintegration of the reticular structure on the surface of the H~2~S samples. In other words, the sustained action of H~2~S on the enamel surface had caused the hydroxyapatite crystals to decay, triggering a reduction and loss of crystal structure, which in turn led to the progressive breakdown of dentin on the crown surface, ultimately resulting in deterioration of the enamel\'s physical properties and loss of dentin. Tooth surface loss that cannot be attributed to tooth decay is known as tooth wear, which is a multifactorial disease that includes attrition due to occlusal contact; wear caused by nonocclusal mechanical contact, acid-induced tooth decay, and abfraction. Our study findings of H~2~S-induced decay of enamel surfaces suggest that H~2~S occurring inside the mouth is a cause of dentin surface loss.

In clinical dentistry, one treatment for tooth wear is restoration with adhesive composite resin. Our findings revealed changes to the crystal morphology and surface structure of the enamel to which these restorations are applied. Although we initially suspected that these changes would affect the adhesive restoration, the results did not reveal any differences between the H~2~S-exposed samples and control samples in terms of the bond strength between the enamel and composite resin applied using a self-etching system. We attributed this finding to the effect of etching using a self-etching primer, whereby enamel exposed to H~2~S dissolved to reveal new enamel.

CONCLUSION {#sec1-5}
==========

Although our findings suggest that H~2~S can cause tooth wear by triggering changes to enamel\'s surface structure and crystal morphology, dental bonding by decalcification using a self-etching system does not impact the bond strength of enamel and composite resin when applying an adhesive restoration to enamel that has been affected by H~2~S.
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